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AND I N VI TRO DI SSOLUTI ON

| NTRODUCTI ON
A dinical Usage

Dflunisal is a non-steroidal anti-inflammatory drug
(NSAID with analgesic, anti-inflamatory, and
antipyretic properties. It is a salicylic acid
derivative whi ch produces | onger-1lasting responses than
ot her conparative agents. dinically, it is indicated
for mld to noderate pain (initial dose of 1000 ny

foll oned by 500 ng every 12 hours), osteoarthritis and
rheumatoid arthritis (500-1000 ng daily in two divided
doses) (1). For maintenance, a naxi mal daily dose of
1500 ng is recommended (1).

The preci se mechanismof action of diflunisal is
unknown, however, its therapeutic activity appears to
be due to a decrease of prostaglandins in peripheral
tissues. It also has a uricosuric effect. Analgesic
doses of diflunisal increase renal clearance of uric
acid and decrease serumuric acid (2,9).

Dflunisal is currently narketed as Dolobid R (Merck
Sharp & Dohne) tablets in 250 ng and 500 ng strengths.

B. Chem stry

This statenent, prepared by the D vision of Bioequival ence
inthe Ofice of Generic Drugs, is an informal communication
under 21 CFR 10.90(b)(9) that represents the best judgnent of the
Dvision at this time. This statement does not necessarily
represent the formal position of the Center for Drug Eval uation
and Research, Food and Drug Admni stration, and does not bind or
ot herwi se obligate the Center for Drug Eval uati on and Resear ch,
Food and Drug Admni stration, to the views expressed. For
further informati on about this guidance, contact the D vision of
Bi oequi val ence, Ofice of Generic Drugs, 7500 Standi sh Pl ace,
Metro Park North, Rockville, MD 20855 (Phone: 301-295-8290; Fax:
301- 295- 8183) .



Dflunisal is 2',4"-difluoro-4-hydroxy- 3-
bi phenyl carboxylic acid. The chemcal structure of
di fl uni sal appears in the follow ng figure:

DI FLUNI SAL

It is awhite crystalline material sparingly soluble in
wat er and soluble in nost organic solvents or dilute
aqueous bases (1). The elimnation of diflunisal is

al nost entirely dependent on gl ucuronidation of the
parent conpound al though a sul fate conjugate has been
identified in human volunteers after nmultiple dose

adm ni stration (3).

Phar nacoki neti cs

Dflunisal is well absorbed after oral admnistration,
peak plasnma concentration being attained between 2 to 3
hours (4). The time required to each steady-state
concentration increases with dosage from3-4 days for a
125 ny bid dose to 7-9 days for a 500 ng bid dose (5).
Avai |l abl e data indicate that diflunisal exhibits dose-
dependent nonl i near pharnacoki neti cs over the dosing
range of 250-1000 ng/day, (4-9) an effect that becones
nore apparent after repetitive doses. Follow ng single
doses of 250 ng, 500 ng and 1000 ngy, peak pl asma
concentration of 41, 87 and 124 ug/ mL were observed
respectively. However, followi ng admnistration of 250
ny, bid, peak plasma concentration of 56 ug/ L at day 8
was observed; while 500 ng, bid, gave a peak plasna
concentration of 190 wg/nL at day 11 (4).

More than 99% of diflunisal in plasma is bound to
protein. The plasma half-life is reported to be 4
times longer than that of aspirin (8-12 hours) due to
t he difl uorophenyl substitute on carbon 1 (4).

When di fl uni sal and i ndonethacin are given to nornal
volunteers, the renal clearance of indonethacinis

decreased and plasna level is increased. Since fatal
gastroi ntestinal henorrhage has been associated with



the concomtant use of these drugs, they should not be
adm ni stered concurrently (10). Concom tant
admnistration of antacids and diflunisal nay reduce
the bioavailability of the latter drug; the effect is
slight with occasional doses of antacids, but may be
clinically significant during repeated admnistration
(10). Wen taken with food, the absorption of
diflunisal is delayed slightly but not decreased (10).

1. Bl CEQUI VALENCE STUDI ES
A Types of Studies Required

1. A singl e-dose, fasting, two-way crossover study
with the 500 ng tablet of generic diflunisal test
product conpared with the reference product,

Dol obi dR 500 ng tabl et.

2. A singl e-dose, three-way crossover, limted food
study with the 500 ng tablet of both generic
di fluni sal test product and reference product
Dol obi dR given to subjects under fed condition and
the 500 ng tablet of the test product given to
subj ects under fasting condition.

3. In Vitro dissolution testing of the 500 ny
strength tablets fromtest and reference | ots used
in the in vivo bioequival ence study.

4. In Vitro dissolution testing of the the 250 ny
strength tabl et.

B. Fasting Study

oj ecti ve: The objective of this study is to conpare
the bioavailability of a generic diflunisal 500 ng
tablet (test product) with that of the reference
product, Dol obid R 500 ng (Merck, Sharp & Dohne) under
fasting conditions.

Desi gn: The study design is a single dose, two
treatnent, two period, two sequence crossover with a
washout period of at |east 7 days. Subjects should be
randomy assigned to the two possi bl e dosing sequences.

Facilities: The clinical and analytical sites for the

study shoul d be given along with the nanes, titles and
the curriculumvitae of the nedical, scientific and
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analytical directors. The starting and endi ng dates
for each clinical study period should be stated. The
study protocols shoul d be approved by an institutional
revi ew board, and i nforned consent forns shoul d be
signed by all participants.

Subj ect s: The study should include 24 or nore (to
ensure adequate statistical results) adult, healthy,
mal e volunteers from19 to 45 years in age and within
+10% of the ideal weight for their height and body
frame according to the Metropolitan Insurance Conpany
Bulletin, 1983. Al subjects should be given a

physi cal exam nation and appropriate |aboratory tests 4
weeks prior to the initiation of the study. These
shoul d be repeated at the end of the study.

Exclusion Criteria: Subjects should be excluded from
the study using the following criteria and any ot her
criteria deemed necessary by the nedical director of

t he study:

1. H story of hypersensitivity to diflunisal or
rel ated drugs;

2. H story of serious henatol ogi cal, cardiovascul ar
gastrointestinal, hepatic or renal diseases,

3. H story of tubercul osis, asthnma, psychosis or
gl aucona,

4. H story of al coholismor drug abuse,

5. H story of hypoal bum nem a,

6. Use of a prescription drug product within two

weeks or any OIC drug product within 3 days of the
start of the study,

7. Exposure to any agent known to induce or inhibit
drug- net abol i zi ng enzynes within 30 days prior to
t he study, and

8. Bl ood donation within 30 days prior to the study.

9. Tobacco use in any form

Procedures: After an overnight (at |east 10 hours)
fast, subjects should receive a single dose of the test



product or the reference product with 240 m of water:

Treat ment A Test product, 1 X 500 ng, diflunisa
t abl et

Treat ment B: Ref erence product, 1 X 500 ny, Dolobid R
(Merck, Sharp & Dohne) tabl et

The test product should be froma production | ot or
froma |l ot produced under production conditions. The

| ot size of the test product should be equal to or nore
than 100,000. The lot nunbers of both the test and
reference products and the expiration date for the
reference product should be stated. The potency of the
reference product should not differ fromthat of the
test product by nore than + 5% The sponsor should
include a statenent of the conposition of the test

pr oduct .

The clinical staff admnistering the doses shoul d
verify that the dose was ingested by each subject. At
| east 7 days after the last sanple collection in the
first period of the study, each subject should receive
the alternative treatnent.

Restrictions: Prior to and during each study phase,
subj ects should conformto the follow ng restrictions:

1. Water will be allowed ad |ibitum except for one
hour before and after drug adm ni stration.

2. Subj ects shoul d be served standardi zed nmeal s no
less than 4 hours after drug admnistration. Only
standardi zed neal s and beverages at specified
times will be allowed during the study.

3. No al cohol or xanthi ne-contai ning foods or
beverages shoul d be consuned for 48 hours prior to
each study period and until after the |ast bl ood
sanpl e is coll ected.

4. Subjects wll be confined to the clinical facility
for 48 hours after each dosing.

Bl ood Sanpling: Bl ood sanples in volunmes sufficient
for sanple anal ysis should be collected into
appropriate anticoagul ant containing tubes at 0, 0.5,
1, 1.5, 2, 2.5, 3, 3.5, 4, 5 6, 8, 10, 12, 16, 24, 36,



and 48 hours after dosing. Sanples should be
centrifuged pronptly and pl asma separated and frozen
until assayed. The storage conditions and the tine

el apsed between sanpl e collection and assay of each
sanpl e should stated. The stability of the drug in the
pl asma to be assayed during this period of time should
be studi ed.

Anal yti cal Methods: See Section V.

Phar macoki netic Anal ysis: The pl asma concentration of
di fl uni sal of each subject at every sanpling point
shoul d be reported for all subjects. The follow ng

phar macoki neti c paraneters shoul d al so be obtai ned by

t he sponsor:

1. AUC,,, where T is the last neasurable tine point
cal cul ated by the trapezoidal rule.

2. AUC, ., where AUC, . = AUC, + C,/(2,),C, is the |ast
nmeasur abl e drug concentrati on and A, 1S the
termnal elimnation rate constant.

3. The termnal phase elimnation rate constant ( ;)
is calculated using an appropriate pharnacokinetic
nmet hod.

4, Peak drug concentration (C ) and the time to peak

drug concentration (T ) are obtained directly
fromthe data w thout interpolation.

Statistical Analysis: The sponsor should performthe
followi ng tests:

1. Anal ysi s of variance (ANOVA) appropriate for a
crossover design on the pharnacoki netic paraneters
AUC,,, AUC, . and C,, using CGeneral Linear Mdels
(&M procedure of SAS(12) or an equival ent
program shoul d be perforned. The statistica
nodel shoul d include terns describing the error
attributable to sequence [subj (seq)], period and
treatnent. The sequence effect should be tested
agai nst the between subject [subj (seq)] error
term Al other nmain effects should be tested
agai nst the residual error fromthe ANOVA

2. The ESTI MATE statenent in SAS should be used to
obtain linear estinmates for the adjusted



di fferences between treatnent neans and the error
associ ated with these differences.

3. The LSMEANS st at enent shoul d be used to cal cul ate
| east -square nmeans for treatnents.

4, The two one-sided tests procedure (13) shoul d be
used to cal cul ate 90% confidence intervals for the
mean difference for AUC and C ,,, Wwhich shoul d
generally be within + 20%of the correspondi ng
ref erence nean.

Adver se Reactions: The sponsor should report al
adverse reactions that occurred during the study wth
regard to the nature, onset, duration, frequency,
severity, type of treatnent during which the reaction
occurred and the suspected relation to the drug

t reat ment.



C Limted Food Effects Study

The labeling (4) for Dolobid R recomrends that
diflunisal may be admnistered with water, mlk or
meals. Since diflunisal is an NSAI D and physici ans nay
al so prescribe the drug to be taken with neals, a
three-way crossover limted food study shoul d be
conduct ed using the sane procedures as in the fasting
study above, with the foll ow ng exceptions:

a. The food study may be conducted in a m ni mum of
15-18 subjects with an equal nunber of subjects
assigned to each of the six dosing sequences
possible in the three-treatnent study design.

b. Each subject will receive one of the follow ng
treat ments:

Treat nent A test product, 1 X 500 ny,
di fl uni sal tabl et, given under fed
conditions. ?

Treat nent B: reference product, 1 X 500 ny,
Dol obi d R (Merck, Sharp & Dohne)
tabl et, given under fed conditions.

Treatnent C test product, 1 X 500 ny,
di flunisal tablet, given under
fasting conditions.

C. In general, the nean val ues of the paraneters
AUC,,, AUC, . and C,, for the test product should
be within + 20% of the correspondi ng nean val ues
of the reference product.

2 Thirty mnutes before drug adm ni strati on, each subj ect
shoul d consune a standardi zed, high fat content neal consisting
of :

one buttered English Miffin

one fried egg

one slice of Amrerican cheese

one slice of Canadi an bacon

one serving of hash brown pot at oes
Eight fluid oz. (240 nL) of whole mlKk
Six fluid oz. (180 nL) of orange juice

The neal shoul d be conpl et ed before dosing.
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I V.

I N VI TRO DI SSCLUTI ON TESTI NG REQUI REMENTS

A

D ssol ution Testing

D ssolution testing should be conducted on 12

i ndi vi dual dosage units of the test and reference
products fromthe sane |ots used in the in vivo

bi oequi val ence studi es using the foll ow ng nethodol ogy:

Appar at us: USP XXI'| Apparatus |l (Paddl e)
Speed: 50 rpm

Medi um 900 nL of 0.1MTris buffer (Ph 7.2)
Tenper at ur e: 37°C

Sanmpling tine: 10, 20, 30 and 45 m nutes

Specification: Not |ess than 80% of the | abel ed anount
of the drug shoul d be dissolved in 30
m nut es.

The sponsor should include the follow ng information
fromthe dissolution testing:

1. Lot nunbers for both test and reference products.

2. The percent dissolution for each dosage unit bei ng
tested at each tine interval

3. The nean percent dissolved, the range of percent
di ssolution and the coefficient of variation for
the 12 units being tested at each tinme interval.

4, Validation data for the anal ytical method used.
5. Expiration date for the reference product.
Pot ency and Content Uniformty Determnation

Prior to the initiation of the bi oequival ence study,

t he applicant should determne the potency and content
uniformty of the lot of the test and reference drug
product to be used in the study. It is recommended
that the applicant should ensure that the potency of
the ot of the reference product is within 5% of that
for the test product. The data on potency and content
uniformty should be submtted with the dissol ution
dat a.

WAl VER REQUEST
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After approval of bioequival ence study results for the 500
ng tablet, a sponsor nay submt a waiver request for the 250
ng strength of diflunisal tablet which should include the
fol | ow ng:

a. A si de-by-side conpari son of the conposition (names and
quantities of active and inactive ingredients) of the
500 ng and the 250 ny tablet.

b. D ssolution data for the 250 ng tablets of the test
product and the reference product.

ANALYTI CAL METHODCOLOGY

In recent studies, the two nost commonly used net hods for

di flunisal analysis in plasna are both HPLC net hods(7, 11).
In general, the sponsor should select a nethod w th adequate
specificity, accuracy, interday and intraday precision,
linearity of standard curves and adequate sensitivity.

Quality control sanples in the low, mddle, and high ranges
of the standard curve shoul d be prepared (separate wei ghi ng
for each control concentration) on the sane day as the study
sanples are collected. Aliquots of the control sanples
shoul d be stored frozen under the sane conditions as the
study sanples. The |Iowest control should not exceed tw ce
the concentration of the | owest standard. The | owest
standard should be the sensitivity limt (limt of
quantification).

In addition to evidence supporting the above, the sponsor
shoul d al so submt the foll ow ng:

a. Conpl ete prestudy validation and detail ed description
of the anal ytical nethod.

b. Stability data fromstudy conducted at:
1. frozen conditions for at |least as |long as the
| ongest period of tine between sanple collection
and sanpl e assay for the study,
2. roomtenperature for at least as long as the
| ongest period of tine between sanple thaw ng and
sanpl e assay, and

3. freeze-thaw cycles if reassay is antici pated.

11



VI .

REFERENCES

1.

10.

11.

Gslo A, Remington's Pharnaceuti cal Sciences, 18th ed.
Easton, PA: Mack Publishing Conpany, 1990:1115.

van Loenhout, JWA, van de Putte LBA QGibnau FW, van
d nneken CAM  Persistent hypouricemc effect of |ong
termdiflunisal admnistration. J. Rheunatol. 1981; 8:
639-42.

Loewen (R McKay G Verbeeck RK Isolation and
identification of a new major netabolite of diflunisal
in man - the sulfate conjugate. Drug Metabolism and
D spositions 1986; 14(1): 127- 31.

Physi cian's Desk Reference. 45th ed. Oadell, NJ:
Medi cal Econom cs Conpany, 1991: 1418.

Steelman SL, Grillo VJ, Tenpero KF. The chemstry,
phar macol ogy and clinical pharmacol ogy of diflunisal.
Qurrent Medical Research and Qpi ni on 1978; 5: 506- 14.

Brogden RN, Heel RC, Pakes Gt Speight TM Avery GS
Dflunisal: a review of its pharnacol ogi cal properties
and therapeutic use in pain and nuscul oskel etal strains
and sprains and pain in osteoarthritis. Drugs 1980; 19:
84- 106.

Lowven GR Herman RJ, Ross SG Verbeeck RK  Effect of
dose on the glucuronidation and sul phati on kinetics of
diflunisal in man: single dose studies. British J.
clin. Pharmac. 1988; 26: 31-9.

Ver beeck BK, Loewen GR, MacDonald JI, Herman RJ. The
effect of multiple dosage on the kinetics of

gl ucuroni dati on and sul phation of diflunisal in nman.
British J. Ain. Pharmac. 1990; 29: 381-9.

Meffin PJ, Brooks PM Bertouch J, Veenendaal JR
Harrington BJ. Diflunisal disposition and hypouricemc
response in osteoarthritis. dinical Pharmacol. Ther.
1990; 33: 813- 21.

Drug Evaluations. 6th ed. Chicago, |IL: Amrerican Mdi cal
Associ ation, 1986: 71.

Hansen- Ml ler J, Dalgaard L, Hansen SH Reverse phase
hi gh- performance |iquid chronat ographi c assay for the

12



si mul taneous determnation of diflunisal and its
gl ucuronides in serumand urine. J. Chromnatog.
1987; 420: 99- 109.

12. SAS/ STAT ™ Wser's Quide, release 6.03 ed. Cary, NC SAS
Institute Inc., 1988:1028.

13. Schuirmann D. A conparison of the two one-sided tests
procedure and the power approach for assessing the
equi val ence of average bioavailability. J. Bi opharm
Phar nacoki net. 1987; 15: 657- 80.

Prepared by: Dat e:
Li n-whei Chuang
D vision of Bi oequival ence

Concur: Dat e:
Shrikant V. D ghe, Ph.D
D vi sion of Bi oequival ence

Concur : Dat e:
Roger L. WIllians, MD.
G fice of Generic Drugs

13



